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INTRODUCTION
Forensic science applies science and technology to the detection and investigation of crimes and the administration of justice. It has gained worldwide acclaim as an empowering field for using science in legal proceedings. [1] Forensic odontology is a branch of forensic science that focuses largely on the teeth and involves assisting in the identification of deceased individuals and criminals. [2] According to the Fédération Dentaire Internationale, forensic odontology is a branch of dentistry that deals with the proper handling of dental evidence in the interest of justice and with the proper evaluation and presentation of dental findings. [3] The main focus is to identify deceased individuals by comparing ante-mortem and post-mortem records. [4] Dental identification has been a vital tool for identifying deceased individuals since 66 AD. [5] The first case of identification known to involve dentition in India occurred when Raja Jayachandra Rathore of Canouj died on the battlefield in 1191 and his body was identified by his prosthetic anterior teeth. [6] Currently, the dearth of trained personnel, paucity of training facilities, inadequate introduction to the subject during undergraduate years, are the major hurdles in the expansion of the use of forensic odontology for the day-to-day benefit of society. [7] Although the Indian Dental Association [8] recommends that an individual's dental records (radiographs, models, photographs, and clinical correspondence) should be securely retained for at least the legal minimum period of 5-6 years, the practice is yet to be enforced in all dental practices across India. [8] Even the Indian Bachelor of Dental Surgery (BDS) curriculum, which is approved by the Dental Council of India, has only incorporated Forensic Odontology since 2007 (as a single chapter for third year students). [3] Further, the curriculum of the Indian master ' A systematic review of recent cross-sectional studies regarding the levels of knowledge, awareness, and practical application of forensic odontology among dentists in India revealed inadequacy and considerable variation in the practice of forensic odontology among dentists. [9] Various other studies have been conducted over the last decade on knowledge and awareness of forensic odontology using validated questionnaires in Indian cities such as Chennai, [4, 10] Pune, [11] Kanpur, [12, 13] Ghaziabad, [14, 15] Kashmir, [16] and the Delhi National Capital Region [17] (which are in northern, western, and southern India). Most of these studies provided evidence that there were inadequate levels of knowledge and awareness of forensic odontology among the respondents. Accordingly, considering the importance of the topic, the aim of this survey was to assess the knowledge and practice of forensic odontology among dental practitioners (both those with BDS and MDS qualifications) and interns in Bhubaneswar, in India. Interns were included in order to assess their knowledge and practice while in an institutional setting. Dentists with BDS and MDS qualifications (irrespective of their specialty), including purely private practitioners, purely academicians (i.e. dental surgeons teaching in dental colleges), and academicians-cum-practitioners, were treated as separate groups. The cross-sectional study used a blind questionnaire approach and is the first of its kind to be undertaken in East India.
METHODS

Study design and sample
The cross-sectional study was conducted in July 2016 using a structured questionnaire with 25 close-ended questions in English. Survey validation was carried out using a pilot survey that involved 276 dental surgeons in Bhubaneswar, India, involving the following groups:
1. Dental surgeons (purely private practitioners, purely academicians, and academicians-cum-practitioners) MDS (irrespective of their specialty): n = 74 BDS: n = 102 2. Interns: n = 100
Questionnaire
An overview of the 25 questions in the questionnaire is shown [ Table 1 ] and the full questionnaire is shown in Supplementary Note 1. The data collected were used to evaluate the following components:
1. Knowledge and awareness: regarding the significance of forensic odontology, dental records, dental age estimation, identification of an individual, bite marks, and acting as a court witness; 2. Practice: regarding maintenance of dental records and attitude towards maintenance of records; 3. Source of knowledge: regarding the presence of information on dental record maintenancein the curriculum (at the institutional level). 
Questionnaire pre-testing and validation
A literature search was carried out and relevant questions/variables from previously validated questionnaires were used as the basis for our study hypotheses. Only questions/variables pertaining to knowledge and awareness about forensic odontology and practice related to dental records were selected (and, subsequently, a question on the source of the knowledge was added).
The questionnaire was piloted and validated for reliability. Closed-ended questions were used due to the resultant mutual exclusivity and easy preceding of the responses. In the pilot study, the questionnaire was self-administered by a convenience sample of 25 dental surgeons (who reflected the study population) and feedback was obtained on its overall acceptability in terms of its length, language clarity, and time requirements, and the feasibility for dentists to complete and return it. Based on the opinions, a mean content validity ratio (CVR) of 0.59 was calculated, using the formula CVR = [(E -(N/2))/(N/2)], where E is the number responses indicating "essential" and N is the total number of responses. This indicates high relevance but bias was also found. Therefore, the questionnaire was modified further before the survey was undertaken.
Statistical analysis
Descriptive statistics were used to summarize the responses to the questionnaire, with the results being presented as frequencies and percentages. Chi-square tests were used to compare the 3 groups, and the level of significance was set at P ≤ 0.05. The analysis focused on the "yes" responses in the three groups to the 25 questions (seven were related to knowledge and awareness, 17 were related to practice regarding dental record maintenance, and 1 was related to the source of knowledge). A frequency procedure was used to calculate the frequency of "yes" responses for the MDS, BDS, and intern groups.
In the final analysis, "yes" responses were given a score of 1 and "no" responses were given a score of 0; the scores were summed to obtain the overall scores in each group and they were then converted into percentages for (a) all the questions; (b) the knowledge and awareness questions; and (c) the practice questions. These percentages were classified into four levels: ≤ 50 ("poor"), 50-70 ("moderate"), 70-90 ("good"), and ≥ 90 ("very good"). The associations between the three percentages and the dental surgeon groups were studied using chi-square tests. In addition, the median scores were computed for between-group comparison.
The data were analyzed using Statistical Package for Social Sciences (SPSS) version 16.0 (SPSS Inc., Chicago, IL, USA).
Ethics approval
The study protocol was approved by the Institutional Review Board of the Faculty of Dental Sciences, Siksha 'O' Anusandhan University, Bhubaneswar. A blind survey approach was used and the questionnaire was distributed randomly, with all the relevant individuals who were willing to participate being asked to complete it. Blind surveys hide the sponsor or product of interest to reduce bias in the responses, thereby helping to increase the authenticity of the results.
RESULTS
Knowledge
With respect to the first three questions on knowledge:
(1) forensic odontology as an important area of dentistry; (2) forensic odontology as an efficient method to identify victims in a mass disaster; and (3) bite mark patterns of human teeth as an important adjunct for assessing crime scenes, > 90% respondents had adequate knowledge. Regarding the fourth question, about 78.3% of all respondents were aware that human lip print patterns can be used for individual identification. The highest proportion was observed for the MDS group (86.5%). The respective proportion in the BDS and intern groups was 77.5% and 73%, respectively. However, the association with the groups was not significant (P = 0.1).
Awareness
Only about 40% of the respondents were aware about the required time period for maintaining dental records, and surprisingly, the MDS group had the lowest level of awareness (24.3%). There was a significant between-group difference in the awareness level (P = 0.004). The awareness level in the BDS and intern groups was below satisfactory levels. About 72.1% of the respondents were aware of any methodology to estimate dental age that can be used for legal purposes. However, 83.8% of the MDS group were aware, but only 66.7% and 69% of the BDS and intern groups, respectively, were aware, and the association was significant (P = 0.030). Only 63.4% of respondents were aware that they were eligible to appear in the court to present forensic dental evidence, with no significant between-group difference (P = 0.461).
The results indicate that the levels of knowledge and awareness (with respect to the seven questions) need improvement irrespective of the dental surgeon group, as there were similar levels of knowledge and awareness between the 3 groups. Table 2 shows the proportions of positive responses to the 7 questions on knowledge and awareness for each of the 3 groups.
Practice
The level of practice also did not vary much among the three groups. Table 3 shows information on practice (regarding dental record maintenance) based on 17 questions.
With respect to eight of the questions, > 80% of respondents reported that they followed the correct practice. These questions were on the maintenance of records on the: (1) full dental status on the first visit; (2) patient's basic personal details; (3) standard tooth numbering details; (4) medical and dental history; (5) common dental anomalies/unusual features; (6) basic details of restorative procedures; and (7) basic details of denture/bridge work. There was no significant between-group difference in the level of practice regarding these questions (P > 0.05).
With respect to four questions, 70-80% of respondents reported that they maintained the records. These questions were on: (1) regular maintenance of dental records; (2) retaining radiographs; (3) basic identifying details on panoramic digital and film radiographs; and (4) intraoral/extraoral photography in primary practice. Regarding the use of intraoral/extra oral photography in primary practice, the MDS group performed better than the other groups (P = 0.012).
With respect to five questions, only 50-70% of respondents reported practicing. These questions were related to: (1) using pre-printed forms or electronic templates; (2) retaining dental casts; (3) recording basic details on dental implant treatment; (4) recording basic identifying details on dental casts; and (5) keeping printed/digital copies of photographs.
Regarding the questions on retaining dental casts, recording basic details on dental implant treatment, and recording basic identifying details on dental casts, the proportions were significantly different among the three groups.
Source of knowledge
About 75% respondents stated that their curriculum included information about the maintenance of dental records (at the institutional level). The percentage was almost the same in all three groups [ Table 4 ].
Overall percentage scores
To objectively assess the overall level of (a) knowledge, awareness, and practice; (b) knowledge and awareness; and (c) practice, the responses were converted into overall percentage scores and four corresponding levels ("very good," etc.), which were assessed by group. Figure 1 shows the distribution of the four levels related to overall knowledge and awareness and overall practice, respectively. The analysis of the overall percentage scores (for knowledge, awareness, and practice) is presented [ Table 5 ].
Regarding the overall knowledge, awareness, and practice percentage score, 63.5% of the 74 MDS respondents were categorized as "good" and 10.8% were "very good." The "good" and "very good" together constituted 74.3%. Among the 102 BDS respondents, only 37.3% were "good" and 21.6% were "very good". The "good" and "very good" together constituted 58.9%. Among the 100 interns, 46% were "good" and 29% were "very good." There was a significant between-group difference in the total percentage score (P = 0.001).
In the MDS group, the levels of knowledge and 
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awareness were either "good" or "very good" for 83.8% of respondents. The corresponding proportions in the BDS and intern groups were 78.4% and 76%, respectively. The levels of knowledge and awareness were either "poor" or "moderate" for 16.3% of MDS respondents, 21.6% of BDS respondents, and 24% of interns. There was no significant between-group difference in the overall knowledge and awareness percentage score (P = 0.1).
DISCUSSION
Ante-mortem data in the form of dental records can be used as a vital tool for confirming or disproving identity. Relevant professional bodies, including the Indian Dental Association [8] and the Indian Association of Forensic Odontology [18] have been encouraging patient record maintenance for the period of time prescribed by the law. Irrespective of the mandated time period, many dental surgeons are still unaware of their duties regarding when their patient care responsibilities cease. A comparison of studies conducted in various cities in India showed that although there is adequate exposure to forensic odontology during undergraduate education, this exposure may not be sufficient to instill interest in or awareness of the kinds of dental records needed to support forensic work in legal cases. Moreover, the busy nature of dental practices is the biggest challenge associated with accurate and complete dental record keeping.
Regarding the international situation, according to Dental Board of Australia guidelines, forensic odontology is one of 13 registrable dental specialties. Furthermore, a survey of Australian dentists showed that the majority of undergraduate respondents recalled learning about forensic odontology during their education, but there was no exposure to this subject for postgraduates. [19] The reasons for making errors and barriers to accurate and complete record keeping included "lack of time" and "workload" associated with busy dental practices. [19] The need for record keeping guidelines in dental practices (from either the registration authority or a professional association) should be explicitly taken into account. [19] In Brazil, law 5081/66 states [20] that dentists working in forensic dentistry can study each subject's neck and head, rather than being limited to the dentition. Furthermore, the Brazilian Federal Council of Dentistry states that a patient's dental record should contain professional data, the patient's identification data, and data on self-reported medical history, the clinical examination, the treatment plan and any interruptions, prescriptions, and complementary tests. [20] However, a study in Brazil reported on unsatisfactory results associated with general dentists and forensic matters due to the sparse number of hours in undergraduate courses spent on forensic dentistry theory and practical skills along with the lack of teachers with expertise in the field. [20] Delattre et al. [21] conducted a study to provide insight into the attitudes and practices of forensic dentists regarding ante-mortem dental records. The authors emphasized starting a dialogue among forensic dentists Table 5 : Demographic data of total score analysis of knowledge, awareness and practice in all groups of dental surgeons, n (%)
Category
Master in dental science (n = 74) Bachelor in dental science (n = 102) Interns (n = 100) X 2 , P in order to develop standardized recommendations for the forensic dental community. Furthermore, a study based on guidelines set out in Article 9 of the patients' rights law [21] for practitioners in Belgium found that young male dentists in large cities tended to use appropriate record keeping systems. [22] However, as the age of the dentists increased, the likelihood of completing dental records decreased. [22] Avon et al. [23] studied the important factors in the field of forensics and highlighted another reason to maintain legible and legally acceptable records, that is, to assist legal authorities in the identification of victims and suspects. As described by Avon et al., [23] Canadian dental schools devote several hours to forensic odontology during the last 2 undergraduate years by integrating the subject into oral pathology courses. The Bureau of Legal Dentistry at the University of British Colombia offers master's and postdoctoral programs in forensic odontology. Furthermore, the American Academy of Forensic Sciences established the American Board of Forensic Odontology in 1976 and certifies dentists qualified in forensic odontology. [23] Waleed et al. [24] compared the dental records kept by students in teaching hospitals with those kept by dentists in private clinics (focusing on elements that contribute to forensic identification with respect to American Academy of Pediatric Dentistry regulations). The study revealed that the students were more aware of the medico-legal purpose of dental record maintenance than the dentists. [24] Regarding the situation in India, a 2016 survey by Navya and Raj [10] showed that general dental practitioners in Chennai have inadequate knowledge of and interest in forensic odontology, and these results are similar to those of a study by Preethi et al. [4] in 2011. The 5-year gap between the two studies clearly did not improve the situation in southern India, raising questions about the education system and the implementation of suggestions for improvement. A study of dental practitioners in Pune, reflecting the situation in western India, revealed inadequate clinical knowledge of forensic odontology, poor attitudes, and lack of good practice related to record keeping. [11] Moreover, a study [12] that included purely practitioners, purely academicians, and dentists with both roles showed that they had low levels of knowledge about the routine application of forensic odontology, indicating the need to further educate dental practitioners. Surprisingly, a study in Kanpur showed that practitioners had adequate levels of knowledge and good attitudes, but low levels of good practice regarding long-term dental record maintenance. [13] This study is the first of its kind to be conducted in East India, and it provides evidence that there has been little change in the situation since other studies were conducted in India. The MDS group had the highest level of knowledge regarding forensic odontology, but the difference between the groups was not significant. A significant between-group difference in the level of awareness of the mandated time period for dental record maintenance was observed, with the MDS group being the worst group. This indicates that levels of knowledge and awareness need improvement irrespective of dental surgeon group. Furthermore, there was no between-group difference in the level of good practice.
The study has several limitations as per the sample size, answer bias, etc. Despite this, regarding the potential generalizability of the results, caution was exercised by ensuring that the survey respondents closely matched the demographic characteristics of the underlying population.
Sahni et al. [17] highlighted that success in acquiring extensive knowledge of forensic odontology would be more rational if there were better job opportunities in the field. Regarding record retention, regulations should be developed based on recommendations from professional bodies, and they should be implemented/ inculcated into the system from the institutional level to the group/individual practices. In addition, quality control protocols would be useful to ensure accuracy and completeness regarding dental record maintenance for legal purposes. The up-to-date use of electronic patient files should be an integral part of dental record keeping. Forensically valued dental records should be maintained in detail, ensuring accuracy, legibility, and accessibility. Furthermore, profession-wide strategies for teaching students and professionals about forensic odontology should be implemented, including the provision of Continuing Dental Education modules by the Indian Association of Forensic Odontology.
In conclusion, dental records are created and maintained to contribute to the safety and continuity of dental care, for treatment decisions, treatment planning, and legal purposes. All three groups investigated had the basic knowledge required for good practice related to keeping dental records. Our result also showed adequate levels of knowledge and awareness regarding forensic odontology in all three groups. However, on individual correlation, the groups failed in practice related to particular questions, such as the mandated time period for maintaining dental records. Therefore, emphasis should be put on increasing knowledge at the grassroots level by
